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Although the  nature  of the  nitrogenous  compounds used  by  the 
various  tissues  in the process of growth is not known, it may be as- 
sumed that all ceils do not have the same food requirements.  Some 
may receive the nitrogen necessary for the  synthesis of new proto- 
plasm  from certain amino-acids, peptides,  or proteins,  while  others 
may require more complex compounds elaborated by other cells.  The 
fibroblasts which, when cultivated in blood serum,  ~ multiply  tempo- 
rarily but never increase in mass, proliferate indefinitely as soon as a 
small amount of embryonic tissue juice  2 is added to the medium.  It 
appears then that the survival or growth of the tissues depends upon 
the nature of the nitrogenous compounds contained in the medium. 
It is of interest to know which substances determine the building up of 
new cells by fibroblasts,  and  which cannot be  utilized for multipli- 
cation.  Therefore, a study was made of the effect on the proliferation 
of fibroblasts of egg white, pure egg albumin,  egg yolk, and chicken 
bouillon. 
EXPERIMENTAL. 
The  nutritive value of  egg  white,  egg  albumin prepared by  the  methods  of 
S6rensen  and  Hopkins,  egg yolk,  and  chicken bouillon, was  tested  on  chicken 
fibroblasts which were obtained from an 11 year old strain.  In most of the experi- 
ments, the method of washing and transferring the tissues from medium to medium 
was used.  The control medium was  composed of fibrinogen suspension, Tyrode 
solution with traces of egg yolk, and embryonic tissue juice.  In the experiments, 
the substance to be tested was substituted for an equal amount of Tyrode solution. 
1 Carrel, A., and Ebeling, A.H., J.Exp. Med., 1921, xxxiv, 317; 1922, xxxvi, 399. 
2 Carrel, A., J..Exp. _~]led., 1912, xv, 516.  Ebeling, A. H., J. Exp. Med., 1922, 
xxxv,  755. 
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Every 48 hours,  the growth was  measured,  and  the  tissues  were washed  and 
transferred into a  fresh medium.  The same  operation was  repeated until  the 
tissues died or until their rate of growth became uniform.  The effects of Tyrode 
solution and of the substance  under investigation  were compared from the point 
of view of the amount of tissue produced at each passage, and of the duration of 
life of the cultures.  In other experiments,, the tissues were studied in the process 
of uninterrupted growth in a medium which was renewed every 2 or 3 days.  The 
fibroblasts  were cultivated in D-5 flasks and imbedded in a  coagulum  made of 
0.5 cc. of plasma and  1.5 cc. of Tyrode solution  containing 5 per cent embryo 
juice.  The substance to be tested was poured on the surface of the coagulum. 
The area of the tissues was measured every 48 hours.  The curve expressing  the 
growth of the tissues in the experimental  medium was compared to that of the 
same tissue when the fluid part of the medium was composed of Tyrode solution. 
1.  Action of Tyrode Solution on Pure Cultures of Fibroblasts.--Rec- 
tangular fragments of an 11 year old strain of chicken fibroblasts were 
placed in a medium composed of chicken fibrinogen 25 per cent, doubly 
concentrated Tyrode solution 25 per cent, Tyrode solution containing 
traces of egg yolk and tissue extract 25 per cent, and Tyrode solution 
25  per  cent.  8  The migration of the fibroblasts began  after about  2 
hours  incubation,  and  the  cells  spread  rapidly  into  the  coagulum. 
After 48  hours  incubation,  the  area  covered by the  new  tissue  was 
always large, although the amount of extract contained in the medium 
was far too small to produce any stimulating effect.  The tissues were 
extirpated from the clot, washed, and transferred to a  fresh medium. 
After each passage the cells proliferated rapidly but,  in  spite  of this 
apparent activity, the mass of the tissue slowly decreased.  A  visible, 
progressive thinning of the central portion of the culture was apparent 
even on macroscopic observation of the mother fragment.  The cells 
multiplied by no means as rapidly as they migrated.  After each pas- 
sage the area of the fragment not only lessened but the thickness also 
decreased.  As  the  medium  contained  no  nitrogenous  compounds 
which could be used by the cells, protoplasm could not be synthetized, 
and the loss of tissue which took place at each passage brought about a 
rapid decrease in its mass.  Under the conditions of the experiment, 
death occurred generally after from five to six passages,  that is,  from 
8  to  12  days  (Text-fig. 1). 
8 Ebeling, A. H., J. Exp. Med., 1921, xxxifi, 641. ALEXIS CARREL  AND  ALBERT  H. EBELING  489 
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TExT-FIG. 1.  Action of Tyrode solution  on pure cultures  of fibroblasts.  The 
relative increase of pure cultures of fibroblasts during one passage, that is, 48 hours, 
is plotted in ordinates,  and the number of passages in abscissae. 
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TEXT-Fro. 2. Action of Tyrode solution on pure cultures of fibroblasts in a 
condition of uninterrupted  growth in a D flask. 490  SURVIVAL  OF  FIBROBLASTS 
Comparative experiments were made with fresh embryonic heart. 
The fragments survived longer, and showed great activity at the same 
time that the mass of the tissue slowly decreased. 
In  other  experiments, fragments of a  pure strain of fibroblasts or 
of embryonic heart were placed in I)-5 flasks in a medium composed 
of plasma  and  Tyrode solution  containing  0.5  per  cent  embryonic 
TABLE  I. 
Action of 25 Per Cent Egg Albumin on Fibroblasts. 
i 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
Experiment 1.  Experiment  2. 
Relative  Relative 
increase,  increase. 
! 446  2.92  2.24  4.04 
456  2.86  *3.87  3.66 
469  2.37  2.86  2.33 
479  0.81  1.59  1.07 
496  0.63  1.70  0 
511  0  1.17 
528  0.84 
549  1.84 
1566  1.38 
i588  1.53 
614  0 
634 
657 
! 
,.Q 
3.12 
*4.14 
2.77 
1.49 
1.56 
1.06 
0.82 
1,54 
1.13 
0.75 
0.65 
1.50 
0 
459 
470 
480 
497 
512 
529 
550 
567 
589 
615 
635 
658 
676 
694 
711 
724 
Experiment  3. 
Relative 
increase. 
3.30  3.25  3.40 
3.401"3.35  2.80 
1.60  2.40  1.19 
1.23  1.44  1.04 
0  1.38  0 
1.12 
2.00 
1.04 
1.06 
0.89 
3.00 
0.93 
1.50 
0.18 
0 
0.92 
1.87 
1.65 
0.74 
0.80 
1.83 
0.74 
0.80 
0.30 
0.30 
0 
Experiment  4.  Experiment  5. 
Relative  Relative 
increase,  increase. 
< 
3.46  3.64  3.83 
*3.46  1.90  *2.50 
1.50  0.88  1.60 
2.92  0.53  1.33 
1.90  0  1.76 
11.09 
1.78 
1.38 
0.91 
0.64 
2.00 
2.66 
1.20 
1.00 
0 
* Culture divided; ½  discarded. 
tissue juice.  In the controls, 1 per cent Tyrode solution was poured 
into the flask after coagulation had taken place.  Every 48 hours, the 
fluid was aspirated and replaced by the same amount of fresh Tyrode 
solution.  In the experiments, the substance to be tested was substi- 
tuted for Tyrode solution.  The increase in area of the tissue, while 
in a  condition of survival in the non-nutrient medium, was expressed 
by an  S-shaped  curve.  The growth generally stopped  after  7  or  8 
days (Text-fig. 2). ALEXIS  CARREL  AND  ALBERT  H.  EBELING  491 
2.  A clion of Egg Alburain on Pure Cultures of Fibroblasts.--Solutions 
of 25 and 35 per cent egg white in Tyrode solution were used.  In the 
cultures containing 25 per cent egg white, the migration of fibroblasts 
was more active than in the controls containing only Tyrode solution 
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TExT-FIo. 3.  Action of a  25 per cent solution of egg albumin on pure cultures 
of fibroblasts. 
TABLE  II. 
Action of 35 Per Cent Egg Albumin on Fibroblas&. 
Passage No.  Culttu:e  No. 
1  520 
2  539 
3  551 
4  568 
5  590 
6  616 
7  636 
8  659 
9  677 
10  695 
Experiment 3.  Experiment  1.  .  Experiment 2. 
Tyrode  I  Albumin."  Tyrode  [  Alb 
__  s°luti°n" I ....  solution,  lmin. 
13.00/2.87  3.12  2.89 
[  4.74  [  "4.86  4.00  t  '5.62 
I  2"84  I  *3'47  2"59  1  *2"74 
/  2.10]  1.32  2.10  /  1.57 
I  o  I  1.27  o78  I  1.3o 
2.00  0.78 
1.89  1.69 
3.27  3.75 
Relative increase.  Relative increase.  Relative  increase. 
Tyrode 
solution. 
3.31 
5.00 
2.89 
2.00 
0.70 
0.85 
1.50 
1.08 
0.50 
0 
Albumin. 
2.88 
*5.72 
*3.84 
1.21 
1.69 
0.84 
1.44 
3.25 
1.00 
0.50 
* Culture divided; ½ discarded. 
(Table I).  The mass of the tissues appeared to increase, and once the 
tissue fragments  had  to be divided  (Text-fig.  3).  But there was no 
further increase in the bulk of the tissues.  The migration  remained 
very active, and the decrease in the size of the tissues was slower than 
in Tyrode solution.  While the control died after five or six passages, 492  SURVIVAL  OF  FIBP.OBLASTS 
the life of the tissues cultivated in egg albumin lasted  for fifteen  pas- 
sages, that is, for about 30 days (Text-fig. 3). 
Similar experiments were repeated with egg white of a  concentration 
of 35  per  cent  (Table II and  Text-fig. 4).  The duration  of life was 
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TEXT-Fz6. 4.  Action of a 35 per cent solution of egg albumin on pure  cultures 
of fibroblasts. 
TABLE  III. 
Action of Egg Yolk on Fibroblasts. 
Passage No.  Culture No. 
434 
445 
455 
468 
481 
499 
510 
527 
Experiment 1. 
Relative increase. 
0.25 per cent  2.5 per cent 
egg yolk.  egg yolk. 
5.03  4.06 
3.38  2.89 
1.77  2.10 
1.26  *2.23 
0  1.56 
1.63 
0.77 
0 
Experiment 2. 
Relative increase. 
0.25 per cent  2.5 per cent 
egg yolk.  egg yolk. 
4.40  4.95 
3.00  2.74 
2.10  3.05 
0  *2.30 
1.42 
0.81 
0.60 
0 
Experiment 3. 
Relative increase. 
D.25 per cent 2.5 per cent 
egg yolk.  egg yolk. 
4,89  4.35 
3,42  3.54 
2,10  2.64 
1,50  *2.38 
0  t1.84 
*Culture divided;  ½ discarded. 
tCulture infected; discarded. 
slightly shorter than in the 25 per cent solution.  In solutions of higher 
concentrations  than  35  per  cent,  the  growth  was  very  much  less. 
In  order to ascertain whether  the  favorable effect of egg white  is 
due to the albumin or to some other substance, the effect on fibroblasts ALEXIS CARREL  AND  ALBERT  H. EBELING  493 
of pure albumin prepared  by the methods of S6rensen  and  Hopkins 
was ascertained.  A  solution containing  5 per cent egg albumin  pre- 
pared by Dr. Fischer according to the S6rensen method was tested on 
fibroblasts.  The  medium  was made  of  1  volume  of plasma  and  2 
volumes of egg albumin.  The rate  of growth of the fibroblasts  was 
slower  than  in  the  control  composed of  Tyrode  solution.  Similar 
experiments were  repeated  with  a  solution of  egg albumin prepared 
according to the Hopkins method by Dr. Baker.  The rate of growth 
was also found to be slightly decreased in the albumin solution. 
5,  o-..o Control  °\  4  ..-4  Experiment 
+ Culture d~vided 
.~<9  3  ~  ~'  V2  discarded 
s  i 
1  2  3  4  5  0  7  8 
Passages 
TExT-Fzo. 5. Action of a 2.5 and a 0.25 per cent solution of egg yolk on pure 
cultures of fibroblasts. 
3. Action of Egg Yolk on Pure Cultures of Fibroblasts.--The  effects 
on pure cultures of fibroblasts of two media containing 0.25 per cent and 
2.5 per cent egg yolk were compared (Table III).  There was a  slight 
increase in  the mass of the  tissue and in  the  duration  of life in  the 
medium  containing  the  larger  amount  of  egg  yolk.  Although  the 
tissues in the controls died after four passages, those in the experiments 
lived for six or seven passages (Table III and Text-fg. 5). 
The  effect  of  higher  concentrations  of  egg  yolk  on  fibroblasts 
was studied with a  different technique.  1 cc.  of suspensions of egg 
yolk in Tyrode solution in concentrations of 5 and 10 per cent respec- 
tively was injected into D-5 flasks containing  fragments of embryonic 
heart imbedded in the solid medium.  Every 48 hours, the fluid was 
replaced by a fresh solution.  The rate of growth was no greater than 
in the preceding experiments, showing that fibroblasts are incapable of 
utilizing  egg yolk for growth. 494  SURVIVAL  OF  ~'IBROBLASTS 
In a  final series of experiments, the combined action of egg  white 
and egg yolk was investigated.  The fluid medium of D-5 flasks con- 
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TV.XT-FIG. 6. Simultaneous  action of egg yolk and egg white on pure cultures 
of fibroblasts in continuous  growth in a D flask. 
tained 25 per cent egg white and 1, 0.5, and 0.25 per cent, respectively, 
egg yolk.  The rate of growth and the duration of life of the tissues 
were not increased (Text-fig. 6). ALEXIS  CARREL  AND  ALBERT  H.  EBELING  495 
4.  Action  of  Chicken  Bouillon on Pure  Cultures  of  Fibroblasts.-- 
Bouillon was prepared from chicken tissues and added to the medium 
in concentrations varying from  10  to  20 per  cent.  In  the  cultures 
containing 20 per cent bouillon, the amount of growth was markedly 
TABLE  IV. 
Action of 20 Per Cent Bouillon on Fibroblasts. 
Experiment 4. 
Passage  Relative increase. 
No. 
779 
796 
~xper_~iment  1--  Experiment  2.  Experimen________~tt  $-- 
Culture  No.  Relative  increase.  Relative  increase.  Relative  increase. 
T  ode  •  T  rode  Bou'llo  Tyrode  •  souffution.  Bouillon. solution."  1  n.  solution. Bomllon 
746  6.94  4.41  [  6.47[  5.13  7.54  4.77 
755  6.30  5.50[  6.34'4.34  6.35  4.95 
771  3.25  2.53[  2.97  2.22  3.24  2.54 
2.85 
1.63 
0.74  1.90 
0  1.67 
1.16 
1.80 
0.89 
0 
1.96 
1.65 
1.21 
1.54 
1.20  I 
o  I 
Tyrode I  solution___~.  Bouillon. 
5.00  [ 
6.60  I 
2.75  I 
1.94 
1.89 
5.31 
4.78 
1.89 
0.23 
0 
7 
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T~XT-Fm. 7. Action of 20 per cent bouillon on pure cultures of fibroblasts. 
decreased and also  the  duration of life  (Table  IV  and  Text-fig.  7). 
Concentrations below 10 per cent, such as used by Lewis and Lewis in 
some of their experiments with nutrient agar,* had no retarding effect. 
The growth of the cultures in bouillon was about equal to that of the 
4 Lewis, M. R., axld Lewis, W. H., Bull. Johns Hopkins Hosp., 1911, xxii,  126. 496  SURVIVAL  OF  FIBROBLASTS 
cultures in Tyrode solution.  The duration of life was not affected 
(Table V and Text-fig. 8). 
In  other  experiments,  a  bouillon  was  made  of  embryonic tissue 
juice, heated in a  sealed tube at  100°C. for 1 hour.  It had a slightly 
retarding action on the multiplication of fibroblasts. 
TABLE  V. 
Action of 10 Per Cent Bouillon on Fibroblasts. 
P~:y 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Culture 
No. 
672 
685 
701 
718 
731 
745 
754 
770 
Experiment  1.  Experiment  2.  Experiment  3.  Experiment  4. 
Relative increase.  Relative  increase.  Relative  increase.  Relative  increase. 
T.yrode 
solution. Bouillon. 
3,40  4.00 
3.23  3.95 
2.94  4.00 
4.75  3.00 
2.58  2.34 
3.15  2,00 
2.57  0 
1.33 
Tyrode  Bouillon.  solution. 
3.89  3.10 
5.00  3,00 
3.50  3.93 
4.00  3.50 
2.16  3,00 
2.61  2.13 
2.87  0 
1.70 
so'rut  de  Bouillon.  ion 
3.60  3.09 
4.00  3.50 
3.66  4.46 
4.64  2.66 
1.71  1.56 
2.85  2.00 
2.25  1.53 
2.00  0 
Tyrode  Bouillon,  solution. 
3.91  3.38 
3.95  3.60 
4.00  4.45 
4.64  5.10 
1.60  1.28 
3.00  2.36 
2.86  2.00 
1.10  0.75 
1.24  0 
0.39 
5 
eo 
U  3  ~,,.  ~-.. 
0 
2  8  4  5  6 
Passages 
~  b.....~  ~.  "% 
7  8  9  tO 
o.---o Control 
:  : Expemm~nt 
TF,xT-FIo. 8. Action of 10 per cent bouillon on pure cultures of fibroblasts. 
DISCUSSION  AND  CONCLUSIONS. 
When multiplying actively in serum, fibroblasts are in a  condition of 
survival,  not of cultivation, for they do  not synthetize protoplasm 
from substances contained in the medium.  They are able to utilize ALEXIS  CARREL  AND  ALBERT  H.  EBELING  497 
only the nitrogenous material stored in the tissue itself.  The distinc- 
tion between survival of tissue and active growth is an important one. 
Innumerable errors in the interpretation of the experimental results 
have been made during the past years on account of this lack.  An 
active proliferation of fibroblasts taking place during several days in a 
medium containing a  given substance does not mean that this  sub- 
stance is used by the cells, but indicates only that residual cell prolif- 
eration is unopposed by a toxic substance.  It is not possible to ascer- 
tain whether a medium is nutrient or not in the sense that it supports 
growth unless the mass of the tissues is shown to increase.  When the 
proliferating fragment can be halved again and again, and each half 
reaches the size of the original whole in 48 hours, it is evident that new 
protoplasm  must  have  been  synthetized  from  the  medium.  The 
experiments described above show that egg white, egg yolk, pure  egg 
albumin, egg white mixed with egg yolk, and bouillon are not utilized 
by fibroblasts  for multiplication.  This  fact renders  more  plausible 
the hypothesis advanced previously that for proliferation  the  fibro- 
blasts require some nitrogenous  substances elaborated by other cells, 
which are present in embryonic tissue juices. 
It may be concluded that, under the conditions of the experiments: 
1.  The duration of life of pure cultures of fibroblasts in a nitrogen- 
free medium is about 8 days. 
2.  Egg white and egg yolk, isolated or together, slightly increase the 
activity of the fibroblasts, but this effect is temporary and the tissues 
ultimately die.  Pure egg albumin and bouillon are not utilizable by 
fibroblasts for multiplication. 